Introduction
============

Eating rhythm is an integral part of healthy eating. A regular eating pattern including breakfast, lunch, dinner, and 1 to 2 snacks has been found to be associated with good diet quality \[[@ref1]\], whereas skipping breakfast has been consistently found to associate with poor overall diet quality and exposure to weight gain \[[@ref2],[@ref3]\]. In addition, eating less than 3 times a day negatively influences appetite control, and unplanned snacking and consumption of the major part of the energy at the end of the day seem unfavorable for weight balance \[[@ref4],[@ref5]\]. On the other hand, a recent review was not able to confirm associations between eating frequency and body weight \[[@ref6]\]. Nevertheless, irregular eating has been associated with various adverse health effects \[[@ref7]\] as it may complicate weight regulation via hindered circadian system \[[@ref8]\]. A recent review also found irregular eating habits to be associated with increased risk of metabolic syndrome and cardiometabolic risk factors \[[@ref9]\].

Reports from different parts of the world suggest that irregular eating is becoming more common. Irregular eating patterns that manifest as a tendency to skip conventional meals (*unsynchronized eating patterns*) have increased in Nordic countries; approximately one-fifth of Danish, Finnish, Norwegian, and Swedish people have been found to possess unsynchronized eating patterns during weekdays and about one-third during weekends \[[@ref10]\]. The prevalence is specifically high among young and singles. Similarly, a meal pattern with obscured meal times was found to be more common in young German adults than in older adults \[[@ref11]\]. Irregular eating patterns and vast differences between weekdays and weekends have also been observed in US adults; breakfast-lunch-dinner pattern has been found to be largely absent and the fasting period (night fast) has been found to be relatively short \[[@ref12]\]. In addition, snacking has increased \[[@ref13]\]. Moreover, approximately one-fourth of Australian adults have been found to follow a *grazing* pattern in which there are no clear meal times but frequent peaks of eating occasions during the day \[[@ref14]\]. Therefore, actions are needed to change the course toward a more regular, health-supporting eating rhythm.

Changing habits requires well-developed self-regulation, which in turn is enabled by self-monitoring and self-evaluation of progress \[[@ref15]\]. Self-monitoring, which assists individuals to become aware of their current behavior, has been successfully applied in weight-loss interventions using both traditional methods as well as self-monitoring with mobile apps \[[@ref16]\]. Moreover, adherence to weight management intervention has been found to be better with mobile phone-based intervention compared with website or paper food diary based--interventions \[[@ref17]\]. An array of mobile apps related to nutrition are launched yearly and installed by millions of people \[[@ref18]\]. A majority of the apps are food diaries that provide detailed dietary information when they are consistently filled in. However, food diaries are laborious for the user and they might suffer from problems with memory and interpretation of the data. Therefore, an ecological momentary assessment (EMA) where events are recorded in real time in the natural environment has also been suggested as a tool for nutrition research to collect more accurate information about dietary behavior and underlying reasons for the behaviors \[[@ref19]\]. EMA builds a picture of an individual's habits by recording multiple days. For example, EMA has been recently used to evaluate how fasting influences disordered eating behaviors \[[@ref20]\] and if the meal and snack-time eating disorder cognitions predict eating disorder behavior \[[@ref21]\]. The previous apps utilized EMA as a methodological tool to collect data on a moment of the behavior or occurrence, which was the focus of a study. EMA approaches could also be applied in the context of behavior change, as is the case of this study. Self-monitoring of eating rhythm offers a possibility to direct users' attention to their own eating patterns and push them toward positive behavioral changes with low burden on the user.

The EMA tool (mobile app *Button*) was developed for the self-monitoring of eating rhythm in real time. At present, there are apps available (eg, in Google Play) reminding about eating times (eg, Meal Reminder) or coaching fasting (eg, BodyFast Intermittent Fasting) for certain time periods. Unlike the current apps, the *Button* app does not remind or coach the user to eat but makes eating rhythm visible and thus grants the ownership of eating rhythm to the user. The idea of the app is to offer the user a simple tool to become aware of his or her temporal eating pattern, which might act as a stimulus to regularize eating.

The aim of the study was to explore the influence of self-monitoring of daily eating pattern with an EMA mobile app on eating rhythm, eating behavior tendencies, and underlying motives and attitudes related to eating. A further aim was to study whether 1 of the 2 app versions (healthy-unhealthy dichotomy or content-discontent dichotomy) is more influential.

Methods
=======

Ecological Momentary Assessment Mobile App Development
------------------------------------------------------

The Button comprises 2 components: the desktop widget and the actual app. The user presses 1 of the 2 buttons reflecting different types of eating occasions (healthy or unhealthy or content or discontent) in the Button widget after each eating occasion to record the time stamp and type of the eating occasion. The Button app visualizes the user's eating pattern with 3 summary screens ([Figure 1](#figure1){ref-type="fig"}). The data on the user's eating occasions are automatically transferred to a research database, where user data are protected using identification codes and encryption. The app frontend was implemented for Android mobile devices using Java, whereas the server backend utilizes Spring framework.

The app development was an iterative process including 2 real-life user trials in January 2017 and April 2017. The aim of the user trials was to find a feasible way to record the eating occasions to guarantee the technical functionality of the Button app and easiness to use. Volunteers (trial 1:9 and trial 2:8) used the app for a 2-week period, which was followed by a focus group discussion about the usability aspects and recommendations for further development. The participants of the first trial found it nebulous to interpret the graphs related to the optimal interval between meals and number of eating occasions per day. Therefore, green horizontal lines depicting the recommendations (2- to 4-hour intervals among meals, 3-6 meals per day) were included in the app after the first trial. This change increased the easiness of the data interpretation in the second trial.

![The Button widget with green and yellow buttons (circled) on mobile phone desktop (a) and visual summaries shown in the Button application (b-d). The user presses either green (content with eating occasion) or yellow (discontent with eating occasion) button of the widget after every eating occasion. The first visualization (b) in the application shows the eating occasions during the past seven days (weekdays on x-axis, time on y-axis), the second screen (c) shows the average interval between eating occasions per day during the past 14 days and, the third screen (d) shows the average number of eating occasions per day during the past 14 days. Green horizontal lines in c and d indicate the shortest (2 h) and longest (4 h) recommended interval between eating occasions and the smallest (3) and the highest (6) recommended number of eating occasions per day.](mhealth_v7i3e11490_fig1){#figure1}

Two App Versions
----------------

The user trial participants found color coding in the Button widget as the most feasible option to differentiate eating occasions. They also preferred the healthy (green)-unhealthy (red) dichotomy for the buttons. Considering that healthiness is not the only viewpoint when evaluating eating and food choices, a version with content (green)-discontent (yellow) dichotomy was also developed. It was considered that the possibility to make a subjective judgment about whether the eating episode is subjectively good or bad versus normative healthy-unhealthy logic might provide the user with a stronger feeling of autonomy and commitment and therefore motivate the user to change eating habits \[[@ref22]-[@ref25]\]. Thus, 2 app versions (*Healthiness* version and *Contentment* version) were developed. The *Healthiness* version had green and red buttons, the green button meaning an eating occasion that the user perceived as healthy and the red button meaning an occasion that was perceived as unhealthy. The *Contentment* version had green and yellow buttons. The green button reflected an eating occasion that the user was content with and the yellow button reflected an eating occasion the user was not fully content with. Only the meanings for the 2 buttons of the widget varied, but the functionalities of the 2 app versions were the same.

Self-Monitoring Study
---------------------

Participants (n=74) were recruited through public advertisements, email advertisements, and institutions' intranets in 2 university campus areas in Finland. The participants had to be over 18 years of age and interested in well-being. In addition, an updated Android phone (Version 4.3 or newer) was a prerequisite for the attendance. The volunteers with red-green color blindness (self-reported) were excluded from the study.

The eligible volunteers were invited to the study location where the details of the study were explained, and they had a chance to ask questions. After receiving both written and verbal information about the study (voluntariness, purpose, content, and confidentiality), the volunteers signed an informed consent form. The Button app was installed in the participants' personal mobile phones, and they were instructed on how to use the app. The participants were given 4 movie tickets worth 52 euros to compensate their time and effort. Data collection was conducted in May and June 2017. The study protocol was approved by the Coordinating Research Ethics Committee of the Helsinki and Uusimaa Hospital District. The study was conducted according to the ethical principles of good research and clinical practice described in the Declaration of Helsinki.

The participants were randomly distributed to *Healthiness* group or *Contentment* group. Background information about the participants is given in [Table 1](#table1){ref-type="table"}. The members of the Healthiness and Contentment groups were alike regarding gender distribution, age, body mass index (BMI), and perceived importance of new technologies. The share of participants currently working was higher in the Healthiness group than in the Contentment group. There were 20 normal weight, 13 overweight, and 4 obese in the Healthiness group and 14 normal weight, 15 overweight, and 8 obese in the Contentment group.

###### 

Background information about the participants.

  Variables                                                         All participants (N=74)   Healthiness group (n=37)   Contentment group (n=37)   t test (df)   Chi-square test (df)   P value
  ----------------------------------------------------------------- ------------------------- -------------------------- -------------------------- ------------- ---------------------- ---------
  Gender, number of females, n (%)                                  45 (61)                   24 (65)                    21 (57)                    ---^a^        0.5 (1)                .48
  Age (years), mean (SD)                                            36.2 (12.5)               35.4 (11.2)                36.9 (13.8)                0.518 (72)    ---                    .14
  Body mass index (kg/m^2^), mean (SD)                              26.1 (4.9)                25.5 (4.9)                 26.7 (4.8)                 1.026 (72)    ---                    .99
  Work situation, number of participants working currently, n (%)   67 (91)                   36 (97)                    31 (84)                    ---           3.9 (1)                .05
  Personal importance of new technologies^b^, mean (SD)             5.2 (1.4)                 5.1 (1.4)                  5.2 (1.3)                  0.294 (72)    ---                    .70

^a^Not applicable.

^b^measured on a 7-point scale in which 1=not important at all and 7=extremely important.

![Study design.](mhealth_v7i3e11490_fig2){#figure2}

Study Design and Experimental Procedure
---------------------------------------

The study adopted within- and between-subject design with 2 independent study groups using 1 of the 2 app versions (*Healthiness* group and *Contentment* group, [Figure 2](#figure2){ref-type="fig"}).

The participants were instructed to record the eating occasions (excluding eating occasions with calorie-free drinks only) by pressing either green or red (*Healthiness* group) or green or yellow (*Contentment* group) buttons after eating according to their own evaluation about the eating occasion. No instructions were given about eating rhythm or dietary choices. The participants were also instructed that they could freely open the Button app and observe the visual summaries of their eating rhythm and add comments. The intervention lasted for 30 days. Surveys measuring participants' self-reported daily meals, attitudinal constructs, food choice motives, and eating behavior tendencies were administered before and after the intervention period to detect potential changes caused by the Button usage.

Independent Variables
---------------------

[Table 2](#table2){ref-type="table"} presents the independent variables used in this study, their reliability, and sources variables (Cronbach alpha values higher than .70 are considered sufficient \[[@ref26]\]). The main interest was in the changes in the eating rhythm during the intervention period. Therefore, the main independent variables were derived from the Button press data. The data were sent automatically from the Button app in the participants' mobile phone to the research database. The surveys before (presurvey) and after the intervention (postsurvey) comprised variables related to the eating rhythm (daily consumed meals), of eating behavior tendencies---the three-factor eating questionnaire (TFEQ)---, discontent with eating, attitudes toward health (general health interest), and relevant food choice-related motives (health, mood, and weight control). Daily consumed meals were measured by asking the respondent to mark down the meals that he or she consumes daily. The meal options included breakfast, lunch, afternoon snack, dinner or such, evening snack, and 5 unspecified options. The number of daily consumed meals was calculated as a sum of the marked meals. The TFEQ was administered to assess the potential effects of self-monitoring of eating pattern on the eating behavior tendencies \[[@ref27]\]. A recently modified version (TFEQ-R15) of the questionnaire was used \[[@ref28]\]. All items were measured with 4-point scales. The raw scale scores were transformed to a 0 to 100 scale (\[raw score--lowest possible raw score\]/highest possible raw score×100) \[[@ref29]\]. The higher raw scale scores mean greater tendency toward the measured subscale. Discontent with eating at different meal times was measured by asking the respondents to rate the frequency of discontent at different meal times (breakfast, lunch time, afternoon, dinner time, late evening or in the night, and some other time) on a scale of 1=never to 5=very often. The mean value for discontent in each meal time was calculated.

###### 

Reliability and sources of independent variables (Cronbach alpha values higher than .70 are considered sufficient).

  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Category          Content                      Cronbach alpha presurvey                                                                                                                               Cronbach alpha postsurvey                                                   Source                                                                      
  ----------------- ---------------------------- ------------------------------------------------------------------------------------------------------------------------------------------------------ --------------------------------------------------------------------------- --------------------------------------------------------------------------- ----------------------------
  **Button data**   \                                                                                                                                                                                                                                                                                                                                           

  \                 Eating rhythm                Interval between eating occasions per day                                                                                                              ---^a^                                                                      ---                                                                         Button app

  \                 Eating occasions per day     ---                                                                                                                                                    ---                                                                         Button app                                                                  

  \                 Adherence to use the app     App openings per day to observe visual summaries about eating rhythm                                                                                   ---                                                                         ---                                                                         Button app

  **Survey data**   \                                                                                                                                                                                                                                                                                                                                           

  \                 Eating rhythm                Daily consumed meals                                                                                                                                   ---                                                                         ---                                                                         List of meals types

  \                 Eating behavior tendencies   Three-factor eating questionnaire (R-15) (scale 0-100)                                                                                                 uncontrolled eating: .77; cognitive restraint: .76; emotional eating: .77   uncontrolled eating: .81; cognitive restraint: .71; emotional eating: .89   \[[@ref27],[@ref28]\]

  \                 Discontent with eating       Discontent with eating in different meal times (scale 1=never, 5=very often)                                                                           ---                                                                         ---                                                                         modified from \[[@ref28]\]

  \                 Attitudes                    General health interest (scale: 1=completely disagree, 7=completely agree)                                                                             .81                                                                         .80                                                                         \[[@ref30]\]

  \                 Food-related motives         Food choice motives regarding health, mood, weight control (subscales of food choice questionnaire (scale: 1=not important at all, 4=very important)   health: .75; mood: .80; weight control: .76                                 health: .74; mood: .88; weight control: .79                                 \[[@ref31]\]
  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

^a^Not applicable.

Postsurvey also included an open-ended question about gained insights related to one's personal eating rhythm, eating behavior, and factors affecting these. First, participants were asked if they gained insights about their eating habits during the intervention period. In a positive case, the participant was asked to describe those insights in writing.

Data Analysis
-------------

Complete case analysis was conducted. The analysis included those participants (n=59) who completed the 30-day intervention successfully. Those participants (n=15) who had more than 4 days per 1 of the 3 10-day periods without any stamps because of technical difficulties or incompliance were removed from the Button data. The analytical approach was chosen as the Button app is intended to be used voluntarily and thus those participants who continued to use the app during the entire study were deemed to represent the real-life user. Pre and postsurvey data were analyzed on an intention-to-treat basis including all the 74 participants in the analyses. A different analytical approach was applied as all users had been exposed to Button usage at least to some extent during the entire 30-day period. Therefore, the survey data from the participants with and without valid Button data were deemed comparable.

The collected Button data were preprocessed to screen out faulty data and to prepare them for the actual analysis. Records deemed as duplicate values (more than 1 timestamp within 5 min) were removed, and timestamp values were converted from server time to actual local time. To determine the actual number of eating occasions per day, it was decided that the day begins and ends at 4 am instead of midnight, and the data were handled accordingly. Before the analysis, data were treated in the following manner: (1) for the evaluation of the changes in eating rhythm, the 30-day intervention period was divided into 3 10-day periods, (2) all days with less than an average of 1,000 seconds (\<17 min) interval between the meals were removed (197/1770 days, 11%) as this was considered as an indication of multiple miss-presses or a technical flaw; moreover, evident outlier days with only 1 or 2 stamps per day were removed, (3) after suspicious data were removed, an average was calculated for each participant for each 10-day period, and the average was applied for the days with missing data.

SPSS Statistics (Version 24, IBM Corp, Chicago, IL, USA) was used for the statistical analysis. Repeated measures analysis of variance (ANOVA) with Bonferroni adjustment for multiple comparisons was used to analyze the within-group changes in eating rhythm (interval between meals, number of eating occasions per day) and adherence (number of app openings per day; n=59). A 1-way ANOVA was carried out to study between-group differences in data derived from the Button app (interval between eating occasions, number of eating occasions per day, and adherence to use the app). False discovery rate (FDR) was controlled by using the Benjamini-Hochberg method. The survey data analyses were conducted for all the participants (N=74) and separately for the subgroups. Repeated-measure ANOVA with Bonferroni adjustment for multiple comparisons were conducted to analyze within-group changes between presurvey and postsurvey. A 1-way ANOVA was used to analyze between-group differences in the self-reported number of daily meals, eating behavior tendencies (TFEQ-R15), discontent with eating habits, general health interest, and food-related motives. Benjamini-Hochberg method was used to control the FDR.

Responses to the open-ended question about insights gained during the intervention period were analyzed following the standard content analysis procedures. Reported individual insights were categorized on the basis of their content in appropriate higher-order subcategories and finally in main categories.

Results
=======

Eating Rhythm
-------------

### Interval Between Eating Occasions

The average interval between eating occasions (on the basis of button presses) was 96±24 min in all participants during the first 10 days of intervention, and it increased to 109.1±36.4 min (*F*~*1,694*~=6.241, *P*=.003) during the last 10 days of the intervention ([Figure 3](#figure3){ref-type="fig"}). This was mainly because of the increased interval between eating occasions in the Healthiness group between the last 2 study periods (*P*=.03). The average interval between eating occasions did not vary in the Contentment group. Between-group analyses revealed no statistically significant differences in any of the periods (Period 1: *F*~*1*~=.549, *P*=.46; Period 2: *F*~*1*~=.389, *P*=.54; Period 3: *F*~*1*~=1.734, *P*=.19).

### Number of Meals Per Day

In the presurvey, participants reported to consume approximately 4.5±0.9 meals per day ([Table 3](#table3){ref-type="table"}). There were no differences between the groups (*F*~*1*~=.825, *P*=.37). The number of the reported daily meals was significantly lower after the intervention in all participants (4.2\[SD 1.0\] meals; *t*~*73*~=2.591, *P*=.01) and again mainly caused by the change in Healthiness group. There were no statistically significant differences in the number of daily meals between the groups after the intervention (*F*~*1*~=.015, *P*=.90).

The number of reported eating occasions (button presses) reduced during the 4-week intervention among all participants ([Figure 4](#figure4){ref-type="fig"}). The trend was similar in both the Healthiness group and Contentment group, and the groups did not differ from each other (Period 1: *F*~*1*~=.333, *P=*.57; Period 2: *F*~*1*~=.289, *P=*.59; and Period 3: *F*~*1*~=.007, *P=*.93). On average, 77% of the eating occasions of the Healthiness group were classified as *healthy* and 86% of the eating occasions of the Contentment group were classified as *content*.

![Average intervals between eating occasions (Button presses) (mean ± SD) in the three periods (Period 1 = days 1-10, Period 2 = days 11-20, Period 3 = days 21-30) in a) all participants (n=59) and members of b) Healthiness group (n=29) and c) Contentment group (n=30). Different superscript letters indicate a statistically significant difference (P≤.05) between study periods.](mhealth_v7i3e11490_fig3){#figure3}

###### 

The number of reported meals (breakfast, lunch, afternoon snack, dinner, evening snack, and other snacks) per day (mean \[SD\]) before and after the intervention in (1) all participants (N=74) and members of (2) Healthiness group (n=37), and (3) Contentment group (n=37).

  Meals per day              Mean (SD)   *F* test (*df*)   *P* value   
  -------------------------- ----------- ----------------- ----------- -----
  All participants (N=74)    4.5 (0.9)   4.2 (1.0)         6.712 (1)   .01
  Healthiness group (n=37)   4.6 (0.8)   4.2 (1.1)         4.776 (1)   .04
  Contentment group (n=37)   4.4 (1.0)   4.2 (0.9)         1.974 (1)   .17

![Average number of reported eating occasions per day (mean ± SD) in the three periods (Period 1 = days 1-10, Period 2 = days 11-20, Period 3 = days 21-30) in a) all participants (n=59) and members of b) Healthiness group (n=29) and c) Contentment group (n=30). Different superscript letters indicate a statistically significant difference between study periods.](mhealth_v7i3e11490_fig4){#figure4}

Adherence to Use the App
------------------------

Adherence to use the Button app decreased during the study among all participants. They opened the app to observe the visual summaries related to eating rhythm on average 2.6±1.2 (Period 1); 2.2±1.4 (Period 2), and 1.8±1.3 (Period 3) times per day ([Figure 5](#figure5){ref-type="fig"}). Within study groups, the trend was similar, but significant differences were observed only between Period 1 and Period 3. Between-group analysis showed no significant differences between the groups (Period 1: *F*~*1*~=2.042, *P=*.16; Period 2: *F*~*1*~=1.126, *P=*.29; and Period 3: *F*~*1*~=1.207, *P=*.28).

Eating Behavior Tendencies
--------------------------

There were no differences between groups regarding cognitive restraint, uncontrolled eating, or emotional eating before the intervention (*F*~*1*~=.039, *P*=.85; *F*~*1*~=.177, *P*=.68; and *F*~*1*~=.900, *P*=.35, respectively). The reported tendencies of emotional eating, uncontrolled eating, and cognitive restraint were higher after the intervention than before the intervention in both the intervention groups ([Table 4](#table4){ref-type="table"}). The changes were statistically significant except that of uncontrolled eating among the members of Healthiness group. There were no differences between the groups in any of the measured eating behavior tendencies after the intervention (cognitive restraint: *F*~*1*~=.004, *P*=.95; uncontrolled eating: *F*~*1*~=.255, *P*=.62; emotional eating: *F*~*1*~=.493, *P*=.49).

![Adherence to usage of the Button application. The average number of times the application was opened per day during the three periods in a) all participants (n=59) and members of b) Healthiness group (n=29) and c) Contentment group (n=30).](mhealth_v7i3e11490_fig5){#figure5}

###### 

Participants' (all participants and subgroups) responses to the three-factor eating questionnaire R15 (mean, SD, scale 0-100, in which higher score means greater tendency toward the measured subscale) before the intervention and after the intervention.

  -------------------------------------------------------------------------------------------------------------
  Eating behavior tendency   Mean (SD)                  *F* test (*df*)   *P* value                    
  -------------------------- -------------------------- ----------------- ------------- -------------- --------
  **Cognitive restraint**                                                                              

  \                          All participants (N=74)    29.1 (23.5)       37.4 (20.9)   12.641 (*1*)   .001

  \                          Healthiness group (n=37)   29.7 (28.5)       37.2 (24.2)   4.954 (*1*)    .03

  \                          Contentment group (n=37)   28.6 (17.4)       37.5 (17.3)   7.781 (*1*)    .01

  **Uncontrolled eating**                                                                              

  \                          All participants           24.5 (13.2)       28.7 (13.6)   10.847 (*1*)   .002

  \                          Healthiness group          25.2 (12.9)       27.9 (12.3)   1.912 (*1*)    .18

  \                          Contentment group          23.9 (13.6)       29.5 (14.9)   12.532 (*1*)   .001

  **Emotional eating**                                                                                 

  \                          All participants           20.7 (21.5)       29.7 (25.7)   20.785 (*1*)   \<.001

  \                          Healthiness group          18.3 (21.3)       27.6 (26.8)   11.833 (*1*)   .001

  \                          Contentment group          23.5 (21.9)       31.8 (24.7)   8.925 (*1*)    .01
  -------------------------------------------------------------------------------------------------------------

Discontent With Eating
----------------------

The participants were asked to evaluate how often they were discontent with their eating habits (1=never to 5=very often), and the average value for discontent was calculated for each meal time. In general, the participants were content with their eating habits (1.6-2.8, [Table 5](#table5){ref-type="table"}). The 2 groups did not differ regarding the frequency of discontent before the intervention (*F*~*1*~=1.303, *P*=.26; *F*~*1*~=.215, *P*=.64; *F*~*1*~=1.435, *P*=.24; *F*~*1*~=.889, *P*=.35; *F*~*1*~=.136, *P*=.71; *F*~*1*~=.014, *P*=.91 during breakfast time, lunch time, afternoon, dinner time, late evening or in the night, or some other time, respectively). More frequent discontent with eating habits during lunch time was reported after the intervention than before the intervention among all participants and among the members of the Healthiness group. There were no differences between the groups regarding the frequency of discontent after the intervention (*F*~*1*~=1.323, *P*=.25; *F*~*1*~=1.432, *P*=.24; *F*~*1*~=1.462, *P*=.23; *F*~*1*~=.543, *P*=.46; *F*~*1*~=.809, *P*=.37; *F*~*1*~=1.889, *P*=.17) during breakfast time, lunch time, afternoon, dinner time, late evening or in the night, or some other time, respectively.

###### 

Participants' (all participants and subgroups) evaluations of discontent with their eating habits (scale 1-5, in which 1=never, 5=very often; mean, SD) in different meal times before and after the intervention.

  ---------------------------------------------------------------------------------------------------------
  Meal times                  Mean (SD)                  *F* test (*df*)   *P* value                
  --------------------------- -------------------------- ----------------- ----------- ------------ -------
  **Breakfast**               \                                                                     

  \                           All participants (N=74)    2.0 (1.0)         2.1 (0.9)   .451 (1)     .50

  \                           Healthiness group (n=37)   2.1 (1.2)         2.2 (1.0)   .130 (1)     .72

  \                           Contentment group (n=37)   1.9 (0.9)         2.0 (0.8)   .354 (1)     .56

  **Lunch time**              \                                                                     

  \                           All participants           2.0 (0.7)         2.2 (0.7)   10.790 (1)   .002

  \                           Healthiness group          2.0 (0.8)         2.3 (0.8)   6.640 (1)    .01

  \                           Contentment group          1.9 (0.7)         2.1 (0.6)   4.083 (1)    .05

  **Afternoon**               \                                                                     

  \                           All participants           2.6 (0.9)         2.7 (0.8)   1.820 (1)    .18

  \                           Healthiness group          2.7 (0.9)         2.8 (0.8)   .722 (1)     .40

  \                           Contentment group          2.5 (0.8)         2.6 (0.7)   1.090 (1)    .30

  **Dinner time**             \                                                                     

  \                           All participants           2.6 (0.9)         2.6 (0.8)   .899 (1)     .35

  \                           Healthiness group          2.7 (0.9)         2.7 (0.7)   .163 (1)     .69

  \                           Contentment group          2.5 (0.8)         2.6 (0.9)   1.000 (1)    .32

  **Late evening or night**   \                                                                     

  \                           All participants           2.6 (0.9)         2.6 (1.0)   .102 (1)     .75

  \                           Healthiness group          2.6 (1.0)         2.5 (1.1)   .342 (1)     .56

  \                           Contentment group          2.5 (0.9)         2.7 (1.0)   1.202 (1)    .28

  **Some other time**         \                                                                     

  \                           All participants           1.6 (1.0)         1.8 (0.9)   1.392 (1)    .24

  \                           Healthiness group          1.6 (1.0)         2.0 (1.0)   1.891 (1)    .18

  \                           Contentment group          1.7 (1.0)         1.7 (0.8)   .000 (1)     \>.99
  ---------------------------------------------------------------------------------------------------------

Insights Into Eating Patterns
-----------------------------

The participants reported that they had obtained insights into their eating patterns during the intervention period. These were related to eating rhythm, variation in eating rhythm, and healthiness of eating habits ([Table 6](#table6){ref-type="table"}).

Attitudes and Motives
---------------------

The measured attitudes toward health (General Health Interest) did not differ between the groups before the intervention (*F*~*1*~=.571, *P*=.45), and they did not change during the intervention ([Table 7](#table7){ref-type="table"}). The groups did not differ regarding attitudes toward health after the intervention either (*F*~*1*~=.406, *P*=.53).

The groups were similar regarding motives related to food choices before the intervention (Health: *F*~*1*~=.002, *P*=.97; Mood: *F*~*1*~=.000, *P*\>.99; Weight Control: *F*~*1*~=.975, *P*=.33). Motives related to food choices remained unchanged within all the participants and subgroups except the increase in weight control motive in the Contentment group. No differences between the groups were identified after the intervention (Health: *F*~*1*~=.017, *P*=.90; Mood: *F*~*1*~=.426, *P*=.52; Weight Control: *F*~*1*~=2.629, *P*=.11).

###### 

Examples of comments of the participants after Button usage in 3 main categories: eating rhythm, variation in eating rhythm, healthiness of eating habits, and their subcategories.

  Main category                  Subcategories and examples of comments (in brackets)
  ------------------------------ -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Eating rhythm                  Observations on eating rhythm in relation to own preconceptions: "My eating rhythm was surprisingly regular even though I felt that I eat very irregularly"; Attention paid and observations made on one's own eating rhythm: "Irregularity of my eating rhythm was shaped"; Observation of a relationship between eating rhythm, food choices, and wellbeing: "Regular eating maintains blood glucose levels (which I already knew) and I was more alert during the day (which I finally experienced concretely)"; Recognition of a need to change eating rhythm: "I am planning to reduce snacking"
  Variation in eating rhythm     Observation of variation in eating rhythm because of the day of the week: "Eating rhythm is more irregular in weekends"; Observation of variation in eating rhythm because of time of the day: "I noticed that often during forenoon my eating rhythm is regular. Often, towards evening I either forget to eat or increase eating, depending on the day"; Observation of variation because of external factors: "There are workdays and travels during which I cannot ensure short enough gaps between meals without planning"
  Healthiness of eating habits   Observation of healthiness of one's own eating habits "In many days I eat some unhealthy snack"; Recognition of a need to improve eating habits: "I decided not to buy some ice cream and candy when I still saw the last red mark on the screen"

###### 

Participants' (all participants and subgroups) attitudes toward health (General Health Interest questionnaire, scale 1-7, in which 1=completely disagree, 7=completely agree) and motives related to food choices (Food Choice questionnaire, scale 1-4, in which 1=not important at all, 4=very important; mean, SD) before the intervention and after the intervention.

  ----------------------------------------------------------------------------------------------------------------
  Participants' attitudes and motives   Mean (SD)                  *F* test (*df*)   *P* value               
  ------------------------------------- -------------------------- ----------------- ----------- ----------- -----
  **General Health Interest**           \                                                                    

  \                                     All participants (N=74)    5.0 (1.0)         4.9 (1.0)   1.039 (1)   .31

  \                                     Healthiness group (n=37)   4.9 (1.0)         4.9 (0.8)   .311 (1)    .58

  \                                     Contentment group (n=37)   5.1 (1.0)         5.0 (1.1)   .792 (1)    .38

  **Health motive**                     \                                                                    

  \                                     All participants           3.3 (0.4)         3.3 (0.4)   .047 (1)    .83

  \                                     Healthiness group          3.3 (0.4)         3.3 (0.5)   .004 (1)    .95

  \                                     Contentment group          3.3 (0.5)         3.3 (0.5)   .084 (1)    .77

  **Mood motive**                       \                                                                    

  \                                     All participants           3.1 (0.5)         3.1 (0.6)   1.578 (1)   .21

  \                                     Healthiness group          3.1 (0.5)         3.1 (0.5)   .079 (1)    .78

  \                                     Contentment group          3.1 (0.5)         3.1 (0.5)   2.614 (1)   .15

  **Weight control motive**             \                                                                    

  \                                     All participants           2.5 (0.6)         2.6 (0.7)   2.807 (1)   .10

  \                                     Healthiness group          2.4 (0.7)         2.4 (0.7)   .111 (1)    .74

  \                                     Contentment group          2.5 (0.5)         2.7 (0.7)   4.751 (1)   .04
  ----------------------------------------------------------------------------------------------------------------

Discussion
==========

Principal Findings
------------------

The 30-day self-monitoring of eating occasions with an EMA mobile phone app, *Button,* changed the eating patterns: the average interval between meal occasions lengthened and the number of daily-consumed meals decreased. The effectiveness of the app varied in the 2 study groups: the changes were statistically significant mainly among all the participants and among the members of Healthiness group. The participants reported higher tendencies of emotional eating, uncontrolled eating, and cognitive restraint after the intervention than before the intervention, and the discontent with eating slightly increased regarding eating at lunch time. Participants also reported having gained insights into the eating rhythm or eating habits during the intervention period, which indicates that the awareness on their eating patterns increased. The measured attitudes and motives remained unchanged except for a small increase in weight control motive among the participants of Contentment group. To sum up, the study results indicate that self-monitoring of eating occasions with an EMA tool might assist in battling against the growing tendency of irregular eating \[[@ref9]-[@ref13]\] and harms related to it \[[@ref2],[@ref3],[@ref6]-[@ref8]\]. The tool might be useful especially for people who follow a *grazing* eating pattern with no clear meal times but frequent peaks of eating occasions during the day. However, the underlying reasons for the more pronounced tendencies of emotional eating and uncontrolled eating after the intervention require further investigations.

The 2 Button versions were developed and studied among 2 similar study groups. The only difference between the versions was the logic of the 2 buttons (healthy-unhealthy, content-discontent), indicated by different button colors. The content-discontent version was intended to provide the users freedom and feeling of autonomy to choose whether they are content with the eating occasion regardless of its healthiness and therefore to motivate the users toward behavior change \[[@ref20]-[@ref23]\]. However, the observed changes in eating rhythm were statistically significant only in the Healthiness group, as opposed to the expectation. A possible reason for the result could be in the familiarity and more normative nature of the healthy-unhealthy concept, which might have made it easier to evaluate eating. Some indications about this were received during the usability studies carried out during the Button development in which healthy-unhealthy dichotomy was preferred by the participants because of its logical and easy-to-interpret nature. Both of the groups classified the majority of the eating occasions as *green* (healthy in Healthiness group, content in Contentment group). However, the proportion of red button presses (unhealthy) was larger than that of yellow button presses (discontent).

In both the study groups, the intensities of the 3 measured eating behavior tendencies (emotional eating, uncontrolled eating, and cognitive restraint) were elevated in postsurvey compared with presurvey. Cognitive restraint has been found to increase because of weight-loss interventions \[[@ref32],[@ref33]\], whereas uncontrolled eating has been found to decrease among successful dieters \[[@ref33],[@ref34]\]. Moreover, in a Web-based weight loss program, cognitive restraint increased and uncontrolled eating decreased among the participants who completed (620 out of 22,800 enrolled participants) the 6 months intervention \[[@ref35]\]. However, eating behavior tendencies have found to change not only among intervention groups but also among control groups, indicating that they are not stable constructs \[[@ref32],[@ref33]\].

High tendencies for cognitive restraint, emotional eating, and uncontrolled eating are considered to associate with generally negative phenomena such as high BMI and stress \[[@ref36]-[@ref38]\]. Therefore, the potentially adverse effects of self-monitoring of eating rhythm on these eating behavior tendencies cannot be ruled out. The increase in cognitive restraint could be regarded as a natural consequence of increased attention to eating, in accordance with earlier studies investigating the effects of dietary interventions on eating behavior tendencies \[[@ref32],[@ref33]\]. However, the increases in emotional eating and uncontrolled eating are more cumbersome phenomena. In the case of cognitive restraint, it could be hypothesized that marking down the eating occasions might have strengthened the role of reflective cognitive processes instead of automatic processes that generally dominate dietary choices, meaning that increased attention and awareness of these tendencies might have influenced the evaluation \[[@ref15]\]. After completing the questionnaire in the presurvey and paying attention to the eating pattern for 30 days, the participants might have had better capabilities to evaluate eating behavior tendencies in the postsurvey. This interpretation is supported by the open-ended responses related to insights into eating pattern during the intervention period. The majority of the participants reported that they had paid attention to their eating habits, and many of those insights were related to contrast between participants' earlier beliefs and actual behavior illustrated by the app. These insights might have made participants more susceptible, precise, and realistic in their evaluations of eating tendencies in the postsurvey. However, as it is not clear if the increase in emotional eating and uncontrolled eating reflected actual changes in the eating behavior tendencies or just improved the ability to evaluate these tendencies, the potential adverse effects cannot be ruled out. Therefore, the evolvement of the eating behavior tendencies should be evaluated in future interventions.

The participants of both the intervention groups reported being more discontent with their eating during lunch time, after the intervention. This finding indicates that Button use made them more aware of lunch-time eating and the downsides of it (eg, inability to enjoy lunch break because of the hectic working pace or lack of good lunch options). In the open-ended questions, some participants shared this view. In a best-case scenario, the increased discontent might trigger changes in the lunch-time eating habits: more time could be preserved for lunch, or better lunch options could be sought. However, unless some changes can be made, the increased discontent can be interpreted as a negative effect of using the app.

A small increase in the weight-control motive was seen among the participants of the Contentment group, but there were no other changes in the food choice motives or attitudes. This is not surprising as attitudes are especially stable psychological constructs and difficult to be altered \[[@ref39],[@ref40]\]. However, alteration of occasionally misrepresented beliefs behind the attitudes might be worthwhile as a change in those might in time lead to attitude change and eventually lead to behavior change \[[@ref41],[@ref42]\]. In the case of this study, the responses to the open-ended questions suggested that the use of app was able to reveal to the participants some of their misrepresented beliefs related to eating behavior. Although this effect was not visible in attitude and motive measurements, it could be suggested that an app with more features, focusing on revealing incorrect beliefs might be powerful enough in time to alter even attitudes and thus result in long-lasting changes in eating patterns.

Self-monitoring of daily behavior is 1 way to become more aware of behavior, which in turn facilitates changes in behavior \[[@ref15]\]. A majority of the apps for monitoring eating have been laborious to use, and adherence does not last long \[[@ref43]\]. In this study, the participants opened the Button app to observe the summaries almost twice a day, even during the last 10 days of intervention. This indicates that adherence was relatively good, making the Button a feasible tool to monitor eating pattern.

Limitations
-----------

The study has limitations. First, there was no control group without the Button app, which limits the interpretation of the results. Part of the observed changes might have occurred because of study participation rather than the use of the app itself. Moreover, we cannot rule out the possibility that some external factors, such as season of the year, could have contributed to the observed changes in the study. Control would have also been useful for evaluating how the repetition of TFEQ after a relatively short period (30 days) influences the results (ie, do the participants evaluate their tendencies differently after the first exposure to the questionnaire?). Second, the charm of the novelty of the app might have diminished toward the end of the intervention; therefore, the ease of remembering to mark every eating occasion might have weakened, influencing the number of daily presses. However, importantly, the reduction of daily consumed meals was observed in both survey data and data derived from the Button. Third, the intervention period of 30 days was relatively short. Engagement to the app use would have likely decreased over a longer period. However, we consider Button as a tool to become aware of temporal eating patterns rather than a tool for sustained use. Therefore, the period of 30 days is justified. However, a follow-up study would be especially useful to evaluate the long-term effects on eating behavior tendencies. Finally, Button data of 15 participants had to be excluded from the analyses. Complete case analysis was perceived as a more suitable approach than intention to treat with regard to Button data. The reasoning lies in the nature of the Button app, which is intended for voluntary use for those who are motivated to monitor their eating behavior. Therefore, including those who discontinued the app use might have led to very pessimistic results. On the other hand, complete case approach along with limited convenience sample might bias the results toward unjustified optimism. This bias is alleviated by the results derived from the survey data, which were based on the full sample. These results are in line with the observations from Button data. Considering the identified limitations, the future studies should include a control group, and there should be follow-up points to observe if the observed changes will sustain. The reported number of daily meals of the participants (4.5) was already as recommended in the Finnish nutrition recommendations---4 to 5 meals per day \[[@ref44]\]---before the intervention. In future studies, it would be interesting to test the app among user groups who have a *grazing* meal pattern.

Conclusions
-----------

The Button app was easy to use, and adherence was good. The results indicate that self-monitoring of eating with a simple mobile app may hold promise in promoting regular eating patterns. However, the suitability of the app for users with different meal patterns and eating behavior tendencies needs further studies.
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